Advances in mass spectrometry

Lecture 4 : lon mobility
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Outlook

> Why would you do ion mobility 2

> lon mobility : Principle of the experiment & collision cross sections

» Instrumentation : DTIMS, TWIMS, TIMS



Why would you do ion mobility ?
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Why would you do ion mobility ?

» And sometimes not enough ...
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lon mobility spectrometry

» Measurement of ion mobilities K (em?2 V-! s1) : a physical property of ions in the gas-phase
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lon mobility spectrometry

» Mass spectrometry : Separation according to m/z ratios // lon Mobility Spectrometry : Separation according to charge, size and shape
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> Bringing a 3D ion shape into a 2D variable (A2?)
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» 1) CCS for comparison with theory

Collision cross sections
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Mack, E. et al. (1925) J. Am. Chem. Soc., 47(10), 2468-2482.
Larriba-Andaluz et al. (2014) J. Chem. Phys., 141 (19), 194107.
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Collision cross sections

» 2) CCS for “omics” - small molecule identification using libraries
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Collision cross sections

» 3) CCS to unravel structural features

) Ubiquitin , e Peptide aggregation
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Outlook

> Why would you do ion mobility 2

> lon mobility : Principle of the experiment & collision cross sections

» Instrumentation : DTIMS, TWIMS, TIMS
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Instrumentation

» « Historic » design : Drift tube (DTIMS)
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» « Historic » design : Drift tube (DTIMS) — Resolution 22
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Merenboom, S. et al. (2009). Anal. Chem., 81, 1482-1487.

Instrumentation
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» « Historic » design :

Drift tube (DTIMS) — Resolution 22
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Instrumentation
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Instrumentation

» « Historic » design : Drift tube (DTIMS) — Resolution 22
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Instrumentation

» First commercial IMS : Waters Synapt — Traveling wave (TWIMS)
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D’Atri V. et al. (2015). J. Mass Spectrom., 50 (3), 711-726.
Giles, K. et al. (2007) Int. J. Mass. Spectrom., 261 (1), 1-12.
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Instrumentation

» First commercial IMS : Waters Synapt — Traveling wave (TWIMS)
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Instrumentation

» Another commercial IMS : Bruker timsToF — Trapped IMS (TIMS)

Funnel 2

Funnel 1

Capillary

Sran \ .\{\\\\\\.\\\\\\‘

TIMS Analyzer

Bruker training material

Hexapole

Quadrupole
Filter

’——D——"_-—'_‘__‘_"—‘;- 7

-

Orthogonal
Accelerator

Collision Cell

)
|

i

IS

deflector

Gas Flow:

Effect dependent on
individual collision
cross section (CCS)

electrode

I

i,
AN
<<

% gas flow

~ |electricfield

T

il

i

entrance analyzer
funnel tunnel

Accumulate, trap, and elute principle to enhance sensitivity & resolution

Electric Field:

| Same effect for
l | same charge state

"

exit 18
funnel

Mass
spectrometer



Instrumentation

» Another commercial IMS : Bruker timsToF — Trapped IMS (TIMS)
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» Comparison between the three main setups

Instrumentation

Estimates of typical operating parameters for contemporary commercial instruments

Instrument and manufacturer Operation principle p (Torr) E (V/em) Typical E/N (Td) Typical vp (m/s) Resolution
6560 IMS-Q-TOF, Agilent Drift tube 4 9.5-20 7-15 [33] 10-80 ~ 80

Technologies
Synapt HDMS, Waters TWIMS 0.4 21 (maximum axial field at <160 200-600 [29]

wave height = 10 V) [34] ~ 40

Synapt G2, G2-S and G2Si TWIMS 2 100 (maximum axial field at <155 200-300 [30]

HDMS, Waters wave height = 40V)
TIMS-TOF, Bruker TIMS 2 30-55 45-85 120-1707 [35] ~ 200
IMS-TOF, Tofwerk Drift tube 570-788 ~400 1-2 [36] ~5

& Gas velocity; in TIMS the ion is static.
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